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TT 92 + 146 3 M 238 7 MT 


O 


t\ 




drcl # yc^°h ^TTfi^T ^ yield d<Hld ^Rs^fT ^ ^| fcFR" §fT 


f cRl 'fRs^TT 


J 


cv 


k Jc h WTTW ^ c^dl, WTRT 3^" £j1si ■ffT fi1o"d d^cTl | 


% cb*3> 


c\ 


O 




FI 3 TTt?T 8 fT +92 FI ^ 

o 


^Tfi^Rff 92 yield, y<o-d ^cich 143 


c\ 


O 


£ 92 + 143 = 235 wm t\ 

o v 1 




d<Hid TRsRTT % yield y<o~d f^lo-d TRs^rr % 


ciidl oTrfi^TT 


u 


(isotopes) 


JJ 


cv 


o 


d I fll dl chd chuil 3 Rs^IT % 3 RRTR" ^dchl dl<H T^sTT olldl |?| 92 -yleld cT^TT 

o o 




238 ” t\ 97 ^ ^PHTT 92 - 9 l 3 tR H 2 TT 143 

v 1 O 


4 t tttst 


5=rTHT 


146 


a 


cv 


c\ 


C\ 




t, 3^ 


235 ” FI 


a 


cv 


c\ 


k Jc b fcfvlfa drcl % 


ddid 3 TRT (equally common) ^TrT| 


3 Tr^rf^^ 3 TRT d^d I |?, cRTT ^TRT <^d 3 T| 


? 


C\ 


O 


238 F, cT?IT 7 


235 FI 


# 993 


c\ 


c\ 


) Jnoil (Nuclear Energy /Atomic Energy) 


O 


# ?lcfr fi 


c\ 


o 


d ll<HI-f^K u l1 £{ ychl?r # dcHdl ^ 3ir^id 3>ofr ^Cl cTl ^| 3TRW TJ3 - d1ei-chU| 3 h e^-i d 3^r 

cRT ( 15,000 - 20,000 f^o #To ^ ^To 3 fr arfttar) ^ ^ 

sldldl t\ 


$1d 3^T ^ cT^T 3^" 


(Pierre Curie) 3 ft ffltr (Marie Curie) % 


(radium) e^Ki 


3-a^ H <5 3 'Mol cT^IT 37T^T Hr^Tl ^ f%RTf ^TT| 3T^RRToT % fol^l 

C\ 


# cH I d I <sl^d 


o 


ch<H 3HcH®y 5fT| H<o"d <HIHo1 3 'Mol yc^RtcT f^RTT 1 -3i1 d (cH d l9T3T 30 -«UI<h) 

O 



♦ 


ois) 7?TRT»T k ,c h ^ ^ 


(combined) 


J 


J 


o 


J 


J 


J 




♦ 


♦ 


W 


H'icH I u I c||i| 


o 


o 


o 


o 


♦ 


♦ 


J 


♦ 


♦ 


WPT # ^ 

o 

k Jc h WTTW ^ CW-A WTTW ^ 

o \ o 

czr^f^F^r (arrangement) wttw 

O 


era - 


k Jc h ^TT, 


♦ 


♦ 


♦ 


J 


o 


♦ 


♦ 


J 


♦ 


♦ 


MT 


'till 


J 




♦ 


♦ 


% 


W 


J 


cv 


o 




♦ 


♦ 


♦ 


CV 


o 


o 


♦ 


J 


♦ 


♦ 


♦ 


H<r| : 


J 


O 


j 


j 


j 


j 


c\ 




♦ 


♦ 


Hcr| : c 


j 


o • 


cv 


o 


KJ 


♦ 




J 


<V 


♦ 


♦ 


♦ 


♦ 


(tightly) W 


o 


o 




♦ 


♦ 


't'H 


w 


cv 


o 


o 


♦ 


♦ 


M I u d 


°hK u l 


♦ 


♦ 


CTRT 


<\ 


♦ 


♦ 


♦ 


Hcr| : c 


o 




♦ 


HI'M ^ 


♦ 




J 


J 



H<r| : c 


H<r| : 


UcT 




o 


o 


100 


cFT 


r 


r 


<\ 




ch^rll 


<\ 






A 


V/ \ 


o 


o 






o 


o 


y'i H - 1 “i 


HMI 3tT 3TfF?l §TRT TOs^TcT: 

«\ v o 


1938 #r 


Albrecht Bethe) ^TW 




1 oTTfil" H<r| : 


c 


J 


o 




^ sToTT 




CV- 


CS 


% Jra - cRi ychli^TrT % <*>ku| XT7 ^RiRT 5 TpT -dchl I ^ '^TToT 


W WTTW 


O 




qr< 


J 


J 




=mi 3T^" cf y| cl <ri1 W 


cm- 


«v 


eFT 




STT f%7 <HI<r|c| vj| llrl 


J 


♦ 




o 


o 


♦ 


♦ 


♦ 


♦ 


♦ 




J 


<\ 


♦ 


it) <M(rii 


ch^oi | ^-KcH ^TT| 


C\ 




♦ 


5 


♦ 


<3K 


J 


O 


°hl oi K M cj^-^i 


3TRT # o-cj icHI sjd 


o 


5 


♦ 


♦ 


♦ 


^aa 




J 


o 


^ q^iT vji i ^rkTT ^ 


3^rr ar^rar arraicT (blows) arerar a^r 


o 


♦ 


£ | 


l -K<Hl u l ^ H'(<HI U I Ha 


J 


o 


o 




♦ 


♦ 


♦ 


♦ 


♦ 


J 


o 


o 


♦ 


I oi I chrl I 




C\ 


O 


♦ 


C\ 


O 


t\ 


♦ 


M<<H|U| #r ^TF^" 3TRT cT^T (right 

o 


J 


o 


J 


J 


ar^TF spur arfe - ^aa (efficient) %, 3ft arftfa^iw: 





4 . 


(Nuclear Reactions) 


O 


(Rutherford) n 3T?qq qqqt qft qcrqr FTTfnqf 


1919 # 

^ft #r qrq (container) # q^r <Miqi | 
fttft qrq 4" qlsrl (speeding) ftq yl cl oil qft ^Rsr qprri 4 qqq n 3tr4? 




3^ STo^q-qroft qft cftsfr (crashing) n 


o 


3T cKJI ^3JT? STF^FT-^JT ^§fT RTfH" ^ 




o 


o 


Riffr ^ oft 3io^i-cbui ^'tiA RiHcb <juAA \ 


<r||[i^ ol" 


7-ylcloil % ^TT^T 3R>3i Id #| $dl°l 1 -yield f^ZTT, H<o-d 2-3fc^T>T ^Toff y I u d f^^TT| 3fcT 

o o 




H Idl 8-yl cl d cT^JT k Jc b 


oTTfl^ <sldl f^RIT| 


| ^ H$ch) ^TT, ^ 1 drcl 


^ 3?T 3To^r chuil deql % ^tt^t ^teR (bombard) <M<^ Rrfi^^RT 


3d cr'-hl ^nfT 3^ 




r 


o 


ch^ dHIdl $lcil ^"| ^ STc^T-^JT cb^ % RRT <^>acH RTfi^Tt TR Ccb<l dlcbcl ^| Odl 

o o 


o 


<j i Tel n arf^rqq 3>oii % 


r n, 


qqqt (subatomic-particles) qft 


iff Ic)f£|ql qq chl«H <M<r| qq q^Tr?T l^qi | 


qiFr 


qft d l<H l^>qi eft 4 


f n 


% qqqq (single) 


•h 4>, cRTt ?fq 4 >cich k‘q>cH ylcloi qqci oilin' Tf? ^PTT| ylcloi qft aq 


% q§rrq n 


o 


# 3fR M^n 


RRIT oTT d°hl | k Jc h 


TT3" C 


o 


oTT d°hl , cRTT ^dld-l cTl 91 3^T cTl 91 sfRRTT oTT d°hl | vd<s| yield 3Tc^rf^J^ dnoil y I u d 3R eft 


J 




cfT 


^ <s||$>t §ild dl^l , cT^TT yl cl oil ^ 


f 


ch^cl ?"Q", oi|[l^ 3^" 


c 


C\ 


O 


O 


c 


(atomic smasher) 

9hi H'C (John Douglas Cockcroft) ^ ^d°hi 3TRTft'?r (Irish) 
(Ernest Thomas Sinton Walton) 3 o-pl ol 1929 ^ ^ 


y chK ^T 


k Jc h 


5 




ol M 


qo=fPTT| 1931 3T 


oilin qft 


f ot 3l<ri| ycfrK % 


3Tot anofnT chT^'M (Ernst Orlando Lawrence) ?TW nn ^ ai<Art<£l 

(cyclotron) n^TTOT| 


am 


1930 # 3?nt 


U 


1 


Cyclotron 


dees 


magnetic field 


vacuum chamber 






*■ **i 


■■ 


I p I 


ion source 




j 


■ i 


■ 


* / 




■* 


/* 


i I 


J 


r 


/ i 


.■ 


JT 


8 


o 


■ 




■ 


I 


« 


■ 




.■ 


\ 


I 




J* 


■ 


1 


■ 




beam 


N 






. 




1 


+ 


JB- 


■ 






electric field region 






■n 


P. 


target 
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^chK # d l41 


U 


J 


o 


o 


(expanding) 3F (circle) # n%| otlt oW yld<d aTT^t ^cHol nat, 3" cfm 3nT cfm nfrT 

c 




anar, ?nar >oii 4 tT fcr?TTcT 3-rmr afri 


arf^chd.H jivdl ciio) yl cl oil ^ •asi yefrK oTTfitaft nt" 


1 930-1 940 % cFTpT *f, 


^1 


i^r aaftor arftjnr snfU^m 


$T| 


nRct cfan S'flcM -Tiioi y i ‘-ci foan, 


f nit m°h : 


c 


cy 


o 


i^>>d ychi< 


^Tfi^rf % f^RT <ft 3fft}^7 did y l u d H<o-d ^ 3f cr T 

v ’ o o 

?rf^cT (nuclear power) 3 x: RT^T ^T| 5^RT 3c c T^T oTrfi^^RT 


J 


♦ 


f cTl 


J 


o 


^ ch^, yield, ^rif^rat 


o 


R-II ^t ?nar st" ^t ajof oiicl at, cran 3 oicf>) 3>ofr snat 




ati 3oT3t £ arfttor 


J 


3mfr afri 


ai 0 "H y , <<Hl u l .S' all c£f iry 0-<r| c|v<ot % fo)^) 


arn sn, fnr 


w 


o 


o 


3Kjfr fc^llcH <HI^I 3 x T 2TT 3 T ch^cl 


o 


1937 <Hc^i % TR-RT d°b 


PlR^ld ^IT, H <cH I u I 3lRrl H d I d1 d I ^9fT 


c o 


o 


♦ 


^ $cr|<^> Hl>d 


3TTcT3r ^tcTT X TWT C T dlf^T ^ §ft 


3TT^"?r $)dl |? | eft 


3TTt?r 


o 


k Jc h cJJTft ^r ^ <Mc) 3T^frcT c^-l^ tlcfchi ^| 




£ 


oR §fT k Jc h 3i I -°b u I 3f2jcfr yield dll^T % H l>d 

°bK u I ^ ^ 3TT c^( <H$ olldl °hK u I ^ 


(repulsion) % 


j 


O 


# ^Rs^TT cbd ?t vdlcTl | 




% fcpsRT ^TT ft? 


3TTcT3r ft cRJT d | lift ^^|chl 


c\' 


o 




ch^trl £d u d 3TTcT3r 

v o 


t|c|-chi ^df| | cf-^i §fr 


(\ 


r? 


vTl cl dl % *itK u l JI 9 I <Mc] ^TT, 3Tf^^ 3Hjfr ^cfd 

O 0 


3TTcT3r RT RsTRcT 


? 


o 


o 


o 




<FT f | ^7 

c\ 


% H I'd chl^ 3TT^?r dftl ft, $>d c bl dltil dftl off >H°bd I , cRTT $dcbl JI 9 I 


(\ 


3fT 5T^t h^l oTT ^chcll I 


*77# (Enrico Fermi) ?TW #r uqr 


1934 £ 

f 47T cffq" ; frqT u T STiq - ?^^ f?| dloll f^7 






f % xtfft sto^t 3^rr ?mr ^ 

dlfl-T % Hid d'fr 


<v 


<v 


^ jRld ^f?TT ^ =h<rl {?, rf^" ^ 


sfit-sfrt 




tjcj-chl <r|^l 


3TTt?r 


cv 






(upset) 471 d^irl f, rraT 


PT 


j 


CV 


cv 


o 


o 


ftt^ft ^FT chKU| §ft ftt 'dchrl ft| 


KJ 


473 ft £ ftft snfftftr 4 tt tfrft 


f ft 


y k 3T f^rqT 3ftr hni fftr 3io}<t> 3-2jfftftr ft 


J 


CV 




f SFt 


(absorb) pldl drH?qid 3 lH<rl d't^ Hd : 

o 


sttIH' 


c 


cv 




KJ 


<h<dl I", fe 


HK§T cfHtrl % fel^ dlflt % 


oil'll | d3 


J 


cv 


Hid ^TcT ^ vTloloi) dt k Jc b yield df^fe 

C\ 


k ,c h o=Rn cl 03 s|o1 ^RTT, oft H^lo-I ^t 


dcH<Hl zf 1-3rf^T wttw ^RPTT (atomic number) ^ToTT ^tt| 

o o 


(rhodium) dc? % drfit 4ft 
^t '■k«hi u i ^Rs^TT 45 %, oft 46 '■k<hi u i ^TCPTT 

o v ’ o 


(bombarded) | 
(palladium) # 
(indium) 3ft WTPT 


o 


50 % fed" (tin) 3T 


H<«HI U I I 92 


^T, 


H<<HI U I dd^TT cj I cH I did dcH 


3d" dd'H 


c\ 


O 


O 


KJ 






93 H<<Hl u l dddT cFRTT 

k Jc h d^ dcH 


c\ 


<V 


o 


cfHdl ddcf I?? drH Hchfrl ^ 3i d Id 2JT| $d d<$ 1 d?ff 

C 


o 


KJ 


t 3fr 


£ 


clcH?'Uld 3Tf^ H-Tl£t1 u l fodT y I'-d 


j 


c\ 


CV 


H°hK % feiWr 


k J c| 3d#r dT^T d 


d'H °h< H 1^ Ife fed 


o 


H°hK # dTfife - <sj csTl 


L hdTt ^ dfe Ife 3d°t d'H I deH 93 <sldNI H<o~d 

v ’ o 


% 


J 


3lo-i| cft^ft §ft Sd 




KJ 


Hahn) dT3T 3>T offl®T 


(Lise Meitner) dW #7 


J 


% dT^T cfrl<H fed! | 


(Austrian) 


3TT?-c| 4 fedT fe ltdT eft fe 3TTdc^ 


H<<HI U I ch u l H I u d °T 


C\ 


O 


^vfe siic^ch dftdT ^T| <H Id I fe H<<HI U I ^ STod^T-^fr ailsi (pair) feTT ^t| dfe 

o 

92 $ 3H cH d I ^3TT, eft ^tdT? H<<HI U I 

O *3 


4-ylcldl % ^TT§T) 


(*TsT 


c\ 


dddT 88 ^ dT^T 


dSd" <H I d I ^tdT| jpd^V 3dfe^rf^ chi H^lSv1 u l $) d 1 1 ? 


k Jc h fe^T stferd (barium) drH 3 c RfTd cfer ^ft | ^ferd ^1" h<<hi u j > dddT 


56 d^TT f^fe 


d u l1 ^ d«H Id ^"1 oft chi% ^ 

o v 1 o 


% 


d I u I 


o 


dT^T d 1 1 


^ dT^T p s | d ll | 


J 



1938 3} cT^TT 

oft §fr 

3T?f 2JT 1% SR rT?TT 


<\ 


j 


O 


3TT^| |TT3T ?T§TT 




klf^Url rffT 9T 3TT3TRT 2TT, 3®T3 tT f^^JTcT -Mf?) 21T, R2JT 




3<r|| 


c\ 


ch^trl # 






ytJ^T cfr<<r| Rvi)l | cf JRT^Tk'T 

^ T^l 


J 


o 


o 


ch<o^| ciicHI ^3TT| 37T ^RT^T 3 isVh^ 

o o 


(Adolf 

oTT 2JT, 

§fr tfri 3TcT: ^ 


Hitler) oi<H<rfl ?rRToT <$1 ^tt, cT^it 


t *T 


<\ 


KJ 


?d f%Rl I ol I 2JT| fel'd 


3^^TT 


r 


<\ 




3nS *RRT % fM ?RfSt?T 2 ff| far 3fr 3=rr^ 1938 ?f 

o o 


J 


&3TT, cT^TT 37T cjft 3FRT 


3T^ RTf^TcT olfSt £jt | ^ £?T 0.1$ 

o 


*f 


3^T cbl<H ^ 1%^RT <£f 1|| , fol'tf a$ ^IoT ^TT^T ^ft | <3d°"l 


KJ 


3TT3RR Rviji f^T ^3TT 3<ri<^> slU^d ?f 3ft 




j 


<V 


c\ 


O 


?t 51 el <3\*\ 


1 


<\ 




c\ 


T3 Ro z cT 92 H^cH I u I TRs^TT ^7 


^ 56 I u I ^Rs^TT chi <sld 'd c hcl I 

o v 


C\ 


O 


O 


^T^Ff <sjSI °h u I off ^T ^ 3i cH d I 'M c hdl ^TT, c|£ 2 L R<HI U I ^Rs^TT <d I cH I 3i e L hl- c h u I ^TT| 

O 


^TTfif ^f 18 3TeW g'trar $]<r|l ^TT, 3fR ^fT^T chl^ 


C\ 


O 




^ft 3 TT?^j 4 ^3TT ?TP7^ k ,c t> f?T (step) 3^ stf^RT ^oTT | <HMl f^T 


f ?T 


<v 


o 


^rrfif ^ff ^ f^srfoTcT i^^i, foRT^r df^d 3R^r y<hK % 


<\ 


^ ^T3fr “f^afoRT” (fission) =h 5 irl ^| 3TcT: 


f^3it3TR” (uranium 


u 


J 


C\ 


fission) #r f^Rr 3} #et sjt 


^ aicffot (nephew) 3Tteff fftRR (Otto Robert Frisch) % ?rRr 


c\ 


1939 D^fTI Tt 


J 


o 












ch 


ace 








I 


r 


■ 


. 




J 






V'V\J\ 
\ , 


iftp 




* * 




* 


„■ 


v 


v 


V 




* 


\ 


V 


\ 


3Hjfr ^ ^TT^T ^tcfT ol cHc^ $ k J 


kl'MI, chNIol % k Jc h c^l <^| ^ft <HlR)>H ^ olcHIcrl ^ 


o 


chl d M # dn^dHI PlchC % «Hl d l ^ft alcHIdl H K§T ch< c\ d fl , aR d°b 3 tRToT h£| d<6 ^IcH d$l 


oTTcTTI q^t chNioi c;ciki £t *rzft 3^w, <hiR)>h # (original) 3^w 3ff^ ^faft| 


H ^ <H I U J^ , 3i O'H 3njfr ^rHo-oi ch^d 1 1 1 0 ^- 0 }^ 3jft} ch | 


C\ 




£r 


WTM 




J 


J 


<\ 


c\ 


c\ 


o 


H<<H I u I <J"f 3u5fr f^f^eT '(^efl dlil^cRl^l 

o 


c\ 




cc 




arftjcfr ffafri 


5 


C\ 


C\ 


eFt ^RT 2TTI 


t\ 


cH <J 1 1 f%T 


J 


C\ 


O 


<HNI f^"§Hoioi ch^cTl , eft ^cRff 3Tf^^ Jnoll 3cHo~d ch^dfl 3|^T 


^ft| afk 3Tf^T 


cKII, ST^T <H I ^ I ?t 


^ ^cHo"d 


% 


J 


<\ 


% 


t % chK u l f^s 


r 


?fl y f?t ^ K^T ch^ d ll | vjfjfoT 

o 


2JT, cRJT q$ f^f^TeT ^ ^T3T^T d I q I ^4T 


t ^t “5TT§i cp| q fct3TaRT q<H” R°TRTT eft cKII $1 d 1 1 ? (^ ^ft “H<<Hl u j R3=f’ ^TT “A-q<H 




aft ^r {ft i 






J 


O 


3TH: 


qm 


s|<H 


r 




c\ 


t 3ft 


37 T 








k Jc h q^T, 


0 " 


c* 


o 


Delano Roosevelt) 3ft To)<aft ftr f^ft dftci f^n | 2 SFRtT, 1939 3ft 3j> W 5T3T ft sftolT 

^PTT; 1 


c\ 


O 


1941 


33 T 


6 


<\ 


C* 


J 


(Pearl 


1 


o 


J 


<\ 


c 




ST 




) 


C 


c\ 


O 


i" <<Sll d|i|| ^TT% 


C\ 






C\ 


<v 


o 




*TT, 


cllcHI 


0 " 


C\ 


C\ 


Vi» 


am 


C\ 


J 


C\ 


C\ 


a 


cT^TT drcl 94 d l<H 


u 




<\ 


O 


(plutonium)” ^ TTTcT 


3 n 


c\ 


O 


^3>l <IT, 


313 " 


j 


C 


o 


1942 


J 


q?W H <<H I u I 


o 


c 


ft. 


. Robert 


o 


J 


c\ 


c\ 


O 


c\ 



(New Mexico) % 


3ltT <s|<H ct^TR <H k 1 1 cfsT d<=h vddffTl ^ 3l I oH -d <HH u I «M f^TT 2JT, '-Ko _ d ollHId f^T 

o 


^TT| ^oT ^3-fT ^ ^ k Jc h <s|<H 6 3i d I dd , 1945 °hl ofFTToT ^ k Jc h ?f^T '(I f?l <H I 

O 


^R fjRRTT d I ^ 1 1 ofFTToT 




3i I r'H-'M <H ^ u I fcv^TT, cRF ^<H I u d ^3TT| 

o o 


^t, eft 


f ^ 3flr srf^lch O'rfi h^<h i u i srf^rr 


o 




5 


fl 


w 


1954 ar. 2T. m m 


(USS Nautilus) # xj^f sr^fr 

oTcT ?t 3cfT$t ^Rft| $d<^> HCcH (board) 9T XJ^T '-K<HI U I 3TjfT 2fr| ^ §T^t HdSs<Cl #T fcTXT 

o o 


(submarine) 


G 


<\ 


O 


3 l|C|?i|c|o 3cHa"d 3Rcft ^fT| 


G 


o 


<s| K-s| K dd$ vjI cH ^ 3l Id I HSdl ^TT, H^o"d H^<H I u I 

o o 


k Jc h ^RRT ^R vdcH % 3TcR 


G 


o 


J 


■ ■ 


■ I 


■a * 1 . 1 /. 


! 


■ 


e 


uil 


■ 


■ 


■ 


y 


■ " a A 




■ ■ 




-■ 


« 


(* 






■. 


■ 


4 - 


■ 


- - i - 


■ 


■ 


■ 


■ 




a. 


. 










-. 


a. 


1 ^ ^ 











WTM frftzfr qtf STTfcf-qqR (peace time) # smi^i oTT 2IT| 1954 # 

o 


k Jc b 


? 


o 


o 


9 T 


1950-1960 oT^ H<<HI U I 3l Ktrl 3iT H£cHl ^TT 3Hql<*l MK§T (t3TT, O'rfl 3TT3TT oTTcfT 2fr 

O o 


J 


^RTR % efhnt % fo)^ Jnoil oRTT 


o 


, *rttc 3 


^TT 


C\ 


C\ 


q?RTcT, RRTM 


O 


j 


c\ 


O 


o 


o 


w 


chi 3 H ^f[ d I f^v^TT oi I ^T^kTT I u I 

v 1 o 


<v 


C\ 


O 


cT 2 TT 


J 


J 


itfR WRT ^T^T| fTT “#f^T §t^T” (breeder 


O 


'Mchl , °T 


C\ 


<\ 


$flS< §T^t” % 3TRI «HI<r|q ^chsl poll'd cj&il H<<HI U I ?rf^rT *R f^R ^ d^dl %\ 

O 




■idrKI 




J 


J 


o 


o 


Ft 


J 
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